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A disk storage system containing a storage device having a record medium for holding the data, 
a plurality of storage sub-systems having a controller for controlling the storage device, a 
first interface node coupled to a computer using the data stored in the plurality of storage 
sub-systems, a plurality of second interface nodes connected to the storage sub-systems, a 
switch connecting to a first interface node and a plurality of second interface nodes to 
perform frame transfer therebetween based on node address information added to the frame. The 
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DOCUMENT- IDENTIFIER : US 6851029 B2 

TITLE: Disk storage system including a switch 



Abstract Text (1) : 

A disk storage system containing a storage device having a record medium for holding the data, 
a plurality of storage sub-systems having a controller for controlling the storage device, a 
first interface node coupled to a computer using the data stored in the storage sub-systems, a 
plurality of second interface nodes connected to the storage sub-systems, a switch connecting 
to a first interface node and a plurality of second interface nodes to perform frame transfer 
therebetween based on node address information added to the frame. The first interface node has 
a configuration table to store structural information for the memory storage system and in 
response to the frame sent from the computer, analyzes the applicable frame, converts 
information relating to the transfer destination of that frame based on structural information 
held in the configuration table, and transfers that frame to the switch . 

Detailed Description Text (7) : 

The lower adapter 103 contains a lower MPU103 to execute control of the lower adapter 103, a 
disk I/F controller 1031 to control the disk 104 and interface which is the disk I/F, and a 
lower bus 1032 to perform communications and data transfer between the cache memory /shared 
memory 102 and host MPU 1030 and the diskarray I/F controller 1031. The figure shows four 
diskarray I/F controllers 1031 for each lower adapter 103 however the number of diskarray I/F 
controllers is optional and can be changed according to the diskarray configuration and the 
number of disks that are connected. 
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DOCUMENT- IDENTIFIER : US 6883064 B2 

TITLE: Disk array controller comprising a plurality of disk array controlling units 



Abstract Text (1) : 

"Disk array system is presented wherein the plurality of disk array controlling units operate 
as the sole disk array controller so as to restrain the performance of the cache memory 
sections of the respective disk array controlling units from deteriorating owing to their 
physical packaging locations and to maximize the performance thereof in proportion to the 
number of the controlling units in use. Disk array controller is provided, which controller 
comprises a host switch interface section, the plurality of respective disk array controlling 
units provided with a channel interface section, a disc interface section and a cache memory 
section and a mutual connection network in connection with the channel interface sections, the 
disk interface sections and the cache memory sections of the respective disk array controlling 
units. Access performance to the cache memory sections that are dispersedly disposed between 
the respective disk array controlling units improves so as to enhance the performance of the 
disk array controller in proportion to the number of the disk array controlling units in use." 

Brief Summary Text (7) : 

As a method for improving the I/O processing performance of the subsystem, a so-called disk 
array system is known wherein the subsystem comprises the plurality of magnetic disc units, 
into which disc units data are stored. This system generally comprises the plurality of 
magnetic disc units to record the I/O data from the higher order computer and a disk array 
controller to receive the I/O data from the computer and to transfer the same to the plurality 
of magnetic disc units. For the large-scale network connection and the large volume of 
communication, it may be arranged such that an ultra large-scale disk array controller is set 
up by connecting the plurality of disk array controllers of the conventional large-scale and 
high-end type. The connection of the plurality of disk array controllers allows cache memory to 
be dispersed into the respective controllers. For the performance's sake, it is advantageous 
that the cache memory stores the data of the magnetic disc units connected to the storage 
controller while the host computer getting access to the cache memory is connected to the 
storage controller having the same memory . However, the happening of packaging faults and the 
additional installation of the magnetic disc units and the storage controllers may cause the 
correspondence between the host interface section and the cache memory as well as between the 
cache memory and the magnetic disc controllers to alter from the above advantageous 
arrangements. Seen from the higher order apparatus and software systems as well as viewed from 
the conventional architectural continuation, it is advantageous that management is directed for 
the sole disk array controller rather than for an ultra large-scale disk array controller 
connecting the plurality of disk array controlling units. Restructuring caused by the 
connection of the host interface with the cache memory and the magnetic disc units or the 
additional installation thereof requires the packaging positions thereof to be optimized, which 
affects the performance of the disk array system more significantly than in the prior case 
where the system has been constructed by the sole disk array controller . 

Brief Summary Text (8) : 

For instances, the prior disk array controller as shown in FIG. 2 is provided with the 
plurality of channel interface sections 11 to execute the data transfer between the host 
computer 50 and the disk array controllers 2, the plurality of the disc interface sections 12 
to execute the data transfer between the magnetic disc units 5 and the disk array controllers 2 
and the cache memory sections 14 to temporarily store the data of the magnetic disc units 5, 
wherein the cache memory sections 14 are accessible from all the channel interface sections 11 
and the disc interface sections 12 within one disk array controller 2. In this disk array 
controller 2, a mutual connection network 21 intervenes between the channel interface section 
11 and the cache memory section 14. 
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Bri-ef Summary Text (13) : 

Another prior disk array controller as shown in FIG. 3 is provided with a host computer 50, 
disk array controllers 2, an external connection network 23 intervening between the host 
computer 50 and the disk array controllers, the plurality of channel interface sections 11 to 
execute the data transfer between the host computer 50 and the disk array controllers 2, the 
plurality of disc interface sections 12 to execute the data transfer between the magnetic disc 
units 5 and the disk array controllers 2 and the cache memory sections 14 to temporarily store 
the data of the magnetic disc units 5, wherein the host computer 50 is through the external 
connection network 23 accessible to all the disk array controllers 2 and it is arranged such 
that the cache memory sections 14 are accessible from all the channel interface sections 11 and 
the disc interface sections 12 within the sole disk array controller 2. In this prior art, a 
mutual connection network 21 intervenes between the interface sections 11 and 12 and the cache 
memory sections 14. 

Brief Summary Text (18) : 

In order to solve the prior issues as mentioned above, the disk array controller according to 
the present invention comprises a host switch interface section, a plurality of respective disk 
array controlling units that are provided with a channel interface section having an interface 
with the host switch interface section, a disc interface section connected to a magnetic disc 
unit and a cache memory section to temporarily store the data read out of/written into the 
magnetic disc unit and a mutual connection network in connection with the plurality of the 
channel interface sections, the disc interface sections and the cache memory sections. It is 
further arranged such that the cache memory sections transfer the data with the channel 
interface sections of the whole disk array controlling units. It may be arranged such that a 
mutual connection network intervenes between the host switch interface section and the 
plurality of channel interface sections. 

Detailed Description Text (5) : 

As shown in FIG. 1, a disk array controller 1 comprises the plurality of disk array controlling 
units 1-2 and a host switch interface section 30. The disk array controlling unit 1-2 is 
provided with an interface (a channel interface section) 11 with the host switch interface 
section 30, an interface section (a disc interface section) 12 with a magnetic disc unit 5 and 
a cache memory section 14, in which unit a mutual connection network 21 intervenes between the 
channel and disc interface sections 11 and 12 and the cache memory section 14. The cache memory 
sections 14 of the respective disk array controlling units 1-2 are interconnected through the 
mutual connection network 21. That is to say, it is arranged such that all of the channel 
interface sections 11 and the disc interface sections 12 are through the mutual connection 
network 21 accessible to all the cache memory sections 14. The mutual connection network 21 is 
arranged such that the data transfer performance thereof within a disk array controlling unit 
is superior to that by way of the plurality of disk array controlling units. That is because 
there is lighter burden on the mutual connection network when the data transfer is carried out 
through the channel interface section of the disk array controlling unit having the cache 
memory section to which the host computer gets access. Further, it is arranged between the host 
switch interface section 30 and the plurality of channel interface sections 11 of as many disk 
array controlling units 1-2 such that the same section 30 is accessible to all of the cache 
memory sections 14. The host switch interface section 30 is capable of selecting a specific 
channel interface section to be connected with the host computer among the plural interface 
sections 11 within as many disk array controlling units 1-2 in response to the request made by 
the host computer . A management table 31 is provided in the host switch interface section 30, 
which table stores host computer access and connection information. 

Detailed Description Text (6) : 

With reference to FIG. 1, read-out operation from the cache memory section 14 within the disk 
array controlling unit 1-2 by the host computer 50 is pondered. The host switch interface 
section 30 refers to the management table 31 therein in response to the request (read- 
out/writing request) made by the host computer 50 so as to find an optimum route accessible to 
the cache memory 14 at target and to issue such request to the channel interface section 11 to 
which such optimum route is connected. The channel interface section 11 that receives such 
request gets access to the cache memory section 14 at target through the mutual connection 
network 21 on the basis of the address information so as to read out the data as requested. The 
host switch interface section 30 weighs the data volume so as to store the relevant information 
into the history information table within the management table 31 upon issuing the request from 
the host computer 50 to the channel interface section 11. 
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Detailed -Description Text (7) : 

As shown in FIG. 4, the disk array controller 1 is provided with the plurality of disk array 
controlling units and the host switch interface section 30. FIG. 4 shows a disk array 
controlling unit (BOX0) 1-2-1, a disk array controlling unit (B0X1) 1-2-2 and a disk array 
controlling unit (BKBOX) 1-2-3. It is arranged in FIG. 4 such that the BKBOX is used as a back- 
up disk array controlling unit. The disk array controlling units (BOX0) 1-2-1, (BOX1) 1-2-2 and 
(BKBOX) 1-2-3 as shown in FIG. 4 respectively are provided with a channel interface section -11 
interfacing with the host switch interface section 30, an interface section with the magnetic 
disc unit, which section is not shown in the drawing and a cache memory section 14 wherein a 
mutual connection network 21 that extends across the plurality of disk array controlling units 
intervenes between the channel interface sections 11 and the cache memory sections 14. The host 
switch interface section 30 is connected through a PATH050, a PATH151 and a PATHBK 52 with the 
plurality of channel interface sections of as many disk array controlling units. A management 
table 31 is provided in the host switch interface section 30, in which table a path selection 
table 32 and a history information table 33 are provided, from which information table a path 
selection signal 40 is output to the path selection table 32, on the basis of which signal a 
PATH NO. 41 is selected. 

Detailed Description Text (8) : 

With reference to FIG. 4, the operation of the host switch interface section 30 is pondered 
when the host computer 50 gains access to the cache memory section 14 of the disk array 
controlling unit (BOX0) 1-2-1. Upon the arrival of a request from the host computer 50 to the 
host switch interface section 30, the path selection table 32 is referred to, and on the basis 
of the address as requested, the specific disk array controlling unit that packages the cache 
memory section 14 storing the data at the computer's request is discernable among the 
controlling units (BOX0) 1-2-1, (BOX1) 1-2-2 and (BKBOX) 1-2-3. It is supposed herein that the 
host computer makes a request to get access to the cache memory section 14 of the BOX01-2-1, so 
that this controlling unit is selected. The storage in the path selection table 32 in the form 
of the path numbers of the access route information to the respective cache memory sections 14 
from the host switch interface section 30 allows the specific path candidates to be discerned 
on the basis of the address as requested and with reference to the table 32. It is supposed 
herein that the host computer makes a request to get access to the cache memory section 14 of 
the BOX01-2-1, so that PATHOS 0, PATH151 and PATHBK 52 in correspondence for CANDIDATES 1, 2 and 
3 are stored in the selection table. The number of the path candidates to be stored in the 
table 32 is arbitrary,, three paths being exemplified in the present embodiment. The PATHOS 0 is 
a path to connect the host switch interface section 30 with the BOX01-2-1 and the PATH151 being 
one to connect the same with the BOX11-2-2 while the PATHBK being one to connect the same with 
the BKBOX 1-2-3. Then, the path selection signal 40 that is output from the history information 
table 33 determines the specific path to be selected among PATH050, PATH1S1 and PATHBK 52. The 
path selection signal 40 is generated on the basis of the difference in weight between the 
candidates, whether it is over weighted mean and fault information and so forth wherein the 
history information table 33 weighs the data volume of the respective paths from the past 
requests by the host computer. The path selection signal 40 defines a PATH NO. 41, which 
determines an access route to the cache memory section. Where the PATH 050 is selected, access 
is gained through the same from the host switch interface section 30 to the cache memory 
section 14 of the BOX01-2-1. Where the PATH151 is selected, access is gained from the host 
switch interface section 30 through the same PAT HI and via the channel interface section 11 of 
the BOX11-2-2 and by way of the mutual connection network 21 extending across the plurality of 
disk array controlling units to the cache memory section 14 of the BOX01-2-1 while the PATHBK 
52 being selected, access is gained from the host switch interface section 30 through the same 
PATHBK and via the channel interface section 11 of BKBOX 1-2-3 and by way of the mutual 
connection network 21 extending across the plurality of disk array controlling units to the 
cache memory section 14 of the BOX01-2-1. Provided that the data volume of the respective paths 
in the table 33 is uniformly weighed, the PATH050 that is accessible in the shortest route is 
selected. 

Detailed Description Text (10) : 

As shown in FIG. 5, the disk array controller 1 comprises the plurality of disk array 
controlling units 1-2 and the host switch interface section 30. A mutual connection network 22 
intervenes between the host switch interface section 30 and the plurality of channel interface 
sections 11 of as many disk array controlling units 1-2. That is to say, access is gained from 
the host switch interface section 30 through the mutual connection network 22 to all of the 
cache memory sections 14. The mutual connection network 21 interconnecting the cache memory 
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sections 14 and the mutual connection network 22 to connect the host switch interface section 
30 -with the plurality of channel interface sections 11 of as many disk array controlling units 
1-2 independently operate. The other arrangements of the modified example as mentioned above 
are the same as the embodiment as shown in FIG. 1. 



Detailed Description Text (11) : 

With reference to FIG. 5, the read-out operation of the host computer 50 from the cache memory 
14 of the disk array controlling unit 1-2 is pondered. The host switch interface section 30 
upon the request of the host computer 50 refers to the management table 31 within the same 
section 30 and finds an optimum route accessible to the cache memory 14 at target so as to 
issue a request through the mutual connection network 22 to the channel interface section 11 to 
which such optimum route is connected. The operation of the modified example as mentioned above 
is the same as that of the embodiment as shown in FIG. 1, excepting that the request from the 
host switch interface section 30 is issued through the mutual connection network 22. 

Detailed Description Text (12) : 

With reference to FIG. 6, the arrangement of the modified example as mentioned above is the 
same as that of the embodiment as shown in FIG. 4, excepting that the mutual connection network 
22 intervenes between the host switch interface section 30 and the disk array controlling units 
as to the arrangement and control of the path selection table and the history information table 
within the management table 31. The PATH050 is a path to connect the mutual connection network 
22 with the BOX01-2-1 and the PATH151 is a path to connect the same network with the BOX 1-2-2 
while the PATHBK 52 is a path to connect the same network with the BKBOX 1-2-3. In the path 
selection table 32, the access route information of the respective cache memory sections 14 
from the mutual connection network 22 is stored as the path numbers. Accordingly, with 
reference to the path selection table 32, the address as requested results in the relevant path 
candidates being discernable. It is supposed herein that the host computer makes a request to 
get access to the cache memory section 14 of the BOX01-2-1, so that a PATH 50, a PATH151 and a 
PATHBK 52 in correspondence for CANDIDATES 1, 2 and 3 are stored therein. The number of the 
path candidates to be stored in the table 32 is arbitrary, three paths being exemplified in the 
present embodiment. Then, the path selection signal 40 that is output from the history 
information table 33 determines the specific path to be selected among the PATH050, the PATH151 
and the PATHBK 52. The path selection signal 40 defines a PATH No. 41, which leads to the 
determination of the access route to the cache memory at target. Where the PATH050 is selected, 
access is gained from the host switch interface section 30 through the mutual connection 
network 22 and via the same PATH0 to the cache memory section 14 of the BOX01-2-1. Where the 
PATH151 is selected, access is gained from the host switch interface section 30 through the 
mutual connection network 22 and via the same PATH1 and by way of the channel interface section 
11 of the BOX11-2-2 and the mutual connection network 21 extending across the plurality of disk 
array controlling units to the cache memory section 14 of the BOX01-2-1 while the PATHBK 52 
being selected, access is gained from the host switch interface section 30 through the mutual 
connection network 22 and via the same PATHBK and by way of the channel interface section 11 of 
the BKBOX 1-2-3 and the mutual connection network 22 extending across the plurality of disk 
array controlling units to the cache memory 14 of the BOX01-2-1. 

Detailed Description Text (15) : 

The present embodiment is characterized in that the disk array controlling unit (BKBOX) 1-2-3 
is used also at the normal operation of the disk array controller, in which unit a high-speed 
cache memory section 15 is provided. The other arrangements thereof are the same as the first 
embodiment as shown in FIG. 4. With reference to FIG. 5, the operation of the host switch 
interface section 30 for the data transfer with high-speed access is pondered. Upon the arrival 
of a request from the host computer 50 to the host switch interface section 30, the path 
selection table 32 within the management table 31 is referred to. Based on the address as 
requested, it is recognizable that the data at the computer's request is packaged in the high- 
speed cache memory 15. The path selection signal 40 that is output from the history information 
table 33 causes the PATHBK 52 to be selected wherein access is gained from the host switch 
interface section 30 through the same PATHBK to the high-speed cache memory section 15 of the 
BKBOX 1-2-3. In this way, the provision of such high-spee d cache memory in the specific disk 
array controlling unit and the effective use of the management table 31 of the host switch 
interface section 30 well satisfy a highly demanding request from the host computer . It is of 
course that the capacity of the cache memory may be altered or the paths may be transmitted 
with higher speed. Further, in the same way as the modified example as shown in FIG. 6, the 
mutual connection network may intervene between the host switch interface section 30 and the 
disk array controlling units. In this case, as mentioned above, the paths as stored in the path 
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selection table 32 and as selected based on the history information table 33 are shared between 
the mutual*" connection network 22 and the disk array controlling units. 

Detailed Description Text (18) : 

The present embodiment is the same as the first one as shown in FIG. 4, excepting for the 
provision of a resource management section 16 in the respective disk array controlling units, 
the provision of an operating ratio management table 34 in the management table 31 of the host 
switch interface section 30 and the connection of an operating ratio report signal 53 to the 
operating ratio management table 34 thereof from the resource management section 16 of the 
respective disk array controlling units. The management section 16 of the respective disk array 
controlling units manages the operating ratio of such resources as the cache memory 14 thereof, 
the channel interface sections 11 thereof and the disc interface sections thereof, which are 
not shown in the drawings, the mutual connection network 21 extending across the respective 
disk array controlling units and the internal paths as well as buffers thereof. The operating 
ratio information is reported to the management table 34 through the report signal 53, which 
table weighs the respective paths on the basis of the operating ratio report signal 53 
transmitted from the respective disk array controlling units. The other 40 operations of the 
present embodiment are the same as those of the first one. Alternatively, in the same way as 
the modified example of the first embodiment as shown in FIG. 6, the mutual connection network 
may intervene between the host switch interface section 30 and the disk array controlling 
units. In this case, as mentioned above, the paths as stored in the path selection table 32 and 
as selected based on the history information table 33 are shared between the mutual connection 
network 22 and the disk array controlling units. 

Detailed Description Text (20) : 

According to the present invention, where the sole disk array controller operates as the 
plurality of disk array controlling units, the optimum connection route is secured between the 
host computer and the cache memory of the respective disk array controlling units, even if the 
cache memory is dispersedly packaged in the respective units, which allows such resources as 
mentioned above to be utilized in the most suitable way. Further, without the host computer 
being aware of the physical packaging locations of the cache memory sections and irrespective 
of the packaging locations thereof, the constant cache memory access is provided as the sole 
disk array controller . Further, the mutual connection network extending across the cache memory 
sections of the respective disk array controlling units operates independently from that to 
connect the host switch interface section with the respective channel interface sections, which 
allows the request from the host switch interface section to be distributed intact into the 
respective disk array controlling units. 

CLAIMS : 

1. A disk array controller comprising: a host switch interface section that is connected to a 
host computer ; a plurality of respective disk array controlling units that are provided with a 
channel interface section interfacing with said host switch interface section, a disc interface 
section that is connected to a magnetic disc unit and a cache memory section that temporarily 
stores data as read out of or written into said magnetic disc unit; and a mutual connection 
network in connection with the channel interface sections, the disc interface sections and the 
cache memory sections of said disk array controlling units, wherein said cache memory sections 
perform a transfer -of the data with the channel interface sections of said respective disk 
array controlling units, wherein in case of transferring a copy of data stored in said magnetic 
disk unit which is associated with first disk, array controlling unit included in said 
plurality of disk array controlling units, from said first disk array controlling unit to a 
second disk array controlling unit included in said plurality of disk array controlling units, 
said first disk array controlling unit performs a transfer of said copy of data via said mutual 
connection network, not via said host switch interface section, and wherein said host switch 
interface - section selects a relay destination for data which is sent from said host computer to 
said ca che memory section in said first disk array controlling unit, from the channel interface 
section in said first disk array controlling unit, the channel interface section in said second 
disk array controlling unit, or the channel interface section in another disk array controlling 
unit included in said plurality of disk array controlling units other than said first and 
second disk array controlling units, in accordance with load conditions of a path to said cache 
memory section in said first disk array controlling unit through said first disk array 
controlling unit, through said second disk array controlling unit, and through said another 
disk array controlling unit included in said plurality of disk array controlling units. 
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7. A disk array controller comprising: a host switch interface section that is connected to a 
host 'computer ; a plurality of respective disk array controlling units that are provided with a 
channel interface section interfacing with said host switch interface section, a disc interface 
section that is connected to a magnetic disc unit and a cache memory section that temporarily 
stores data as read out of or written into said magnetic disc unit; a first mutual connection 
network in connection with the channel interface sections, the disc interface sections and the 
cache memory sections of said respective disk array controlling units; and a second mutual 
connection network in connection with said host interface section and the channel interface 
sections of said respective disk array controlling units, wherein said cache memory sections 
perform a transfer of the data with the channel interface sections of said respective disk 
array controlling units, wherein in case of transferring a copy of data stored in said magnetic 
disk unit which is associated with ea4da first disk array controlling unit included in said 
plurality of disk array controlling units, from said first disk array controlling unit to a 
second disk array controlling unit included in said plurality of disk array controlling units, 
said first disk array controlling unit performs a transfer of said copy of data via said first 
mutual connection network, not via said host switch interface section, and wherein said host 
switch interface section selects a relay destination for data which is sent from said host 
computer to said cache memory section in said first disk array controlling unit, from the 
channel interface section in said first disk array controlling unit, the channel interface 
section in said second disk array controlling unit, or the channel interface section in another 
disk array controlling unit included in said plurality of disk array controlling units other 
than said first and second disk controlling units, in accordance with load conditions of a path 
to said cache memory section in said first disk array controlling unit through said first disk 
array controlling unit, through said second disk array controlling unit, and through said 
another disk array controlling unit included in said plurality of disk array controlling units. 
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